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Animal moves reveal bigger picture 
As the performance of electronic tracking devices improves dramatically, their use 
opens up new areas of investigation. The movements of individuals can be linked 
to physiology, environmental conditions and group behaviour, report back on 
otherwise inaccessible parts of the biosphere, and warn us of disease spread and 
natural disasters. Michael Gross reports. Formation fl ight: The Northern bald ibis or waldrapp (Geronticus eremita) is a highly endangered 
species that is currently being reintroduced in central Europe with the help of advanced tracking 
technology. (Photo: Waldrappteam/AG Schmalstieg.)More than 50,000 wild animals are 
currently equipped with tracking 
devices that record their moves and 
in many cases additional data about 
their physiology, their environment, 
their behaviour, or their interactions 
with other animals. Due to the 
miniaturisation of electronic devices 
and improvements in communication 
technology, the opportunities have 
expanded to reasonably non-invasive 
tagging of smaller animals, including 
small birds and even larger insects. 
This trend produces more than just 
a large stash of ‘big data’ in ecology. 
As the author Alexander Pschera has 
argued, it creates the “internet of 
animals” in analogy with the much-
hyped internet of things — which is 
why his book, published in German, 
is also called Das Internet der Tiere 
(2014). Some tagged animals already 
have their social media profi les where 
human fans can follow their moves. 
Pschera’s favourite animal, the 
Northern bald ibis or waldrapp 
(Geronticus eremita), also has an 
online presence that allows the 
author to stay in touch. The waldrapp 
has been virtually extinct in the 
Alps but a successful, technology-
guided reintroduction effort from the 
EU-funded project Waldrapp Team 
brought the birds back. Echoing the 
1996 movie Fly Away Home, the team 
used light aircraft to teach the birds 
their historic migration route, which 
had fallen into oblivion. 
As they are still highly endangered, 
the birds are closely monitored. Martin 
Wikelski — a pioneer of the internet 
of animals — and his team at the 
Max Planck Institute for Ornithology 
at Radolfzell, Germany, have recently 
developed solar-powered GPS tags 
for the waldrapps, which could, in 
principle, enable tracking an animal for 
its whole lifetime without the need for 
recapture. Thus, their fans can follow 
their every move, and the team relies on social media, including Facebook, 
to publicise the cause (http://
facebook.com/Waldrappteam).
Pschera argues that this 
phenomenon creates a new interface 
between us humans and our natural 
environment, with which we have 
somewhat lost contact due to the 
technical progress and urbanisation 
of the 20th century. Like in pre-
industrial times, wild animals will 
once more be able to teach us many 
things about the world we live in. 
As Wikelski puts it in his preface 
to Pschera’s book: “Humanity as 
a whole will receive the support 
of a guide dog, to finally realise 
Humboldt’s ideal of understanding 
nature […] through the interplay of 
its constituent parts.” This revolution 
takes place simultaneously on land, in 
the oceans, and in the air. Current Biology 25, R585–R599, July 20, 2015 Terrestrial tracking 
At the root of our new connection with 
the natural world is the miniaturisation 
of technology enabling its wider use 
in ecology and conservation research 
(Curr. Biol. (2014) 24, R629–R632). 
Roland Kays from the North Carolina 
Museum of Natural Sciences at 
Raleigh, USA, Martin Wikelski, and 
colleagues from other institutions have 
recently reviewed the revolutionary 
changes in the fi eld of tracking land 
animals (Science (2015) 348, aaa2478). 
The authors note that, since 2000, 
when the US department of defence 
gave up on deliberately limiting the 
accuracy of non-military GPS, the use 
of this technique in ecology has grown 
explosively. Researchers can now 
track a much wider range of animals, 
over much longer periods of time, 
across large geographical distances, 
and with much better resolution, 
resulting in data that are much more 
meaningful in the ecological context. 
By now, the use of GPS locations 
reveals not just the movements of 
specifi c animals but much wider 
issues as well. Studies of the collective 
motions of pigeon fl ocks, for instance, 
have revealed that the decision-making 
in the fl ock is determined by individuals ©2015 Elsevier Ltd All rights reserved R585
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Splashing out: Understanding the migration behaviour of sea turtles is of crucial importance for
conservation efforts. (Photo: Sea Turtle Conservancy (www.conserveturtles.org).)distinguished by their fl ight velocity 
more than by social rank in the fl ock. 
Life history observations of 
migrating birds has enabled 
researchers to study the precise nature 
of the very high mortality during their 
migration. Crossing the Sahara desert 
proved to be the most dangerous 
part of the journey of birds migrating 
between Europe and Africa (J. Anim. 
Ecol. (2014) 83, 176–184). 
Ecosystem services, such as 
the seed dispersal by birds like the 
large hornbill in South Africa, have 
been investigated. The tracking 
revealed that they move seeds 
between fragments of vegetation, 
an observation that highlights the 
importance of smaller forests as relay 
stations connecting larger ones (J. 
Appl. Ecol. (2014) 51, 684–692). 
Tracking several animals 
simultaneously can also help to reveal 
social interactions and structures. 
Recently, the very fi rst GPS tracking 
study of several giant pandas in the 
wild has revealed that the animals 
aren’t quite as solitary as zoologists 
had always assumed them to be. 
Vanessa Hull and Jindong Zhang from 
Michigan State University at East 
Lansing, USA, tagged fi ve pandas and 
sporadically observed their moves from 
2010 to 2012. To their surprise, they 
found that adult individuals spent time 
in close proximity outside of the mating R586 Current Biology 25, R585–R599, July season (J. Mammal. (2015) 96, 230–
236). This contradicts the assumption 
of their solitary nature, which also 
underlies the accommodation they are 
typically given in zoos. If this fi nding is 
confi rmed and generalised, the whole 
philosophy of panda keeping may have 
to be rewritten. 
In a recent study of predator 
movements, Terrie Williams and 
colleagues at the University of 
California at San Diego used 
accelerometers combined with GPS 
tags to obtain insights into the energy 
balance of different hunting strategies 
in the North American puma (Puma 
concolor) explaining why these 
felids often use a “stalk and pounce” 
approach (Science (2014) 346, 81–85).
Comprehensive tracking data can 
also help to improve conservation 
management decisions. For instance, 
researchers can establish to what 
extent animals tend to stay within the 
protected areas and wildlife corridors 
assigned to them. In some studies, the 
tracking has revealed unanticipated 
long-range movements (specifi cally 
from young animals) that need to be 
taken into account when it comes to 
discussing protection measures. 
Ocean motions
As ocean habitats are generally 
challenging to observe, marine 
tracking already has a long history of 20, 2015 ©2015 Elsevier Ltd All rights reservedusing the best technology available 
to monitor animals in their natural 
environment. 
In this fi eld, too, recent improvements 
in technology have dramatically 
expanded the scope of the questions 
that can be explored with telemetry, as 
Sara Iverson from Dalhousie University 
at Halifax, Canada, and others report 
in a recent review (Science (2015) 348, 
1255642). As salt water is insuffi ciently 
transparent to radio waves, researchers 
mainly use acoustic probes over short 
distances and satellite-based tracking 
for movements in larger areas. 
Some recent studies have revealed 
specifi c animal motions that were 
unexpected in their extent. For 
instance, the modestly sized and 
critically endangered European eel 
(Anguilla anguilla) was found to migrate 
more than 1,000 km in a matter of 
months. In the vertical direction, a 
recent tracking of a Cuvier’s beaked 
whale (Ziphius cavirostris) set new 
mammalian records for diving depth, 
at 2,992 metres, and dive duration, at 
more than two hours (PLoS One (2014) 
9, e92633). Among fi shes, the Chilean 
devil ray was observed diving to 2,000 
metres and following characteristic 
routines in its search for prey. 
Simultaneous tagging of multiple 
species can help to clarify ecological 
connections, such as predator–prey 
relations. The Global Tagging of Pelagic 
Predators programme (http://topp.
org) expands the remit of the previous 
Tagging of Pacifi c Predators project to 
all oceans. It uses coordinated satellite 
tracking of apex predators together 
with Google Earth technology to build 
web-based tools for observation 
and ultimately protection of marine 
predators. Species currently part of the 
programme include Pacifi c blue marlin, 
mako shark, whale shark, salmon 
shark, white shark, Pacifi c and Atlantic 
blue fi n tuna, northern elephant seal 
and leatherback turtle. 
Migrations in the marine 
environment can be highly relevant for 
conservation concerns, as the moves 
can expose animals to signifi cant 
mortality risks. Thus, the conservation 
efforts for sea turtles have been a 
motivation to track the movements of 
these animals. It is also crucial for the 
success of marine protected areas to 
know to what extent the species to be 
protected stay within the designated 
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Moves monitored: Tracking a wide variety of animal species helps researchers understand their 
ecological context and responses to global change. (Photo: Daniel I. Rubenstein.)areas, and whether they leave them 
and face dangers elsewhere. 
Fisheries stand to benefi t from an 
improved understanding of how and 
why fi sh populations move around 
in the oceans. With data linked to 
geophysical cycles and climate 
conditions, researchers may eventually 
be able to predict population moves 
and development. On the basis of 
such predictions, fi sheries could be 
conducted sustainably, and marine 
protected areas could be defi ned in a 
dynamic way, adjusting each year to 
the situation and predicted changes in 
fi sh populations. 
Marine species with sensing devices 
can also serve as additional eyes for 
oceanography and report data from 
places inaccessible to automatic 
recording devices such as Argo 
fl oats. For instance, seals can obtain 
measurements in waters underneath 
ice shelves, which would otherwise be 
inaccessible to fl oats. Even without 
measuring physical parameters, 
recording animal movements as 
such can in many cases enable 
oceanographers to draw conclusions 
about the conditions that limit these 
movements, such as water temperature 
and oxygen concentration. 
The view from space
Thanks to the continuing advances 
in communications technology and 
the emergent qualities of information 
collected on a large scale, the internet 
of animals is likely to become a much 
bigger phenomenon in the near future. 
Databases like the Movebank (www.
movebank.org), which is coordinated 
by the Max Planck Institute for 
Ornithology, the North Carolina 
Museum of Natural Sciences, and the 
University of Konstanz, are compiling 
information from different kinds of 
tracking studies and making them 
accessible in a generalised format. 
Smartphone apps like animal tracker 
enable people around the world to 
check up on tagged animals of their 
choice. Pschera argues in his book 
that this communication link between 
wild animals and city-dwelling humans 
revives the connection we had with our 
natural environment before the global 
wave of urbanisation of the 20th century.
This new connection to nature could 
help us avert some of the extinctions 
that we are currently causing with our steamrollering brand of world 
domination. Better understanding of 
the dynamics of wild living populations 
and their ecological context could 
enable more targeted and effi cient 
conservation measures. After all, it is 
easier to protect animals if you know 
how many of them need protecting and 
where they are. Even better if you can 
predict what they will do next. 
Monitoring the movements of 
wild animals can also help to avert 
human–wildlife conflicts. Virtual 
fences have already been applied for 
elephants. Similarly, sharks have been 
tagged to raise alarms when they 
approach certain beaches. By helping 
to avoid ‘revenge’ killing of animals 
by local people, such small measures 
can also make a contribution to 
conservation of endangered species.
In return, animals could also help 
us by alerting us to dangers from 
the natural environment. There is 
anecdotal evidence that animals pick 
up warning signs of geological events 
like volcanic eruptions and earthquakes 
several hours before they happen 
and respond with a change in their 
movement patterns. If we were better 
informed about how animals move 
normally, we could more easily detect 
such changes triggered by impending 
natural disasters. In a fi rst attempt to Current Biology 25, R585–R599, July 20, 2015 systematically study the early response 
of animals to geological events, 
Wikelski’s group has equipped goats 
living on the fl anks of Mount Etna with 
GPS tags to record their normal moves 
and to recognise unusual patterns. 
First results suggest that the animals 
display conspicuous behaviour around 
fi ve to six hours before an eruption. 
While there is no proven explanation for 
such phenomena yet, it is conceivable 
that the animals sense gases seeping 
through the ground around the volcano. 
Similar warning functions have been 
attributed to birds — from the canary 
in the coal mine through to frigate 
birds (Fregatidae) in the Caribbean, 
which are believed to have a sense of 
approaching hurricanes. 
More generally, as mentioned 
above, the internet of animals could 
enable us to perceive what remains 
of the wilderness through the sensory 
organs of wild animals and to use their 
instinctive and acquired knowledge to 
live more sustainably and safely within 
the natural world. 
Too much emphasis on the utilitarian 
aspects of these new capabilities 
could of course raise concerns. 
Using wildlife as ruthlessly as we now 
use domesticated species would 
run counter to the philosophy of a 
sustainable, environmentally friendly ©2015 Elsevier Ltd All rights reserved R587
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in which both humans and animals 
learn from each other’s experience 
and help each other maintain a 
life-enhancing biosphere, an ethical 
application of the internet of animals 
appears possible. On the scale of 
individual animals, one also has to 
consider that all tagging technology 
will place a burden on the animal in 
question and may reduce its fi tness. 
Whether the purpose is understanding 
or conservation, there is a cost–benefi t 
analysis to be made, and the benefi t 
is likely to be greater when the fi tness 
cost to the animal is smaller, such 
that the effect on its natural behaviour 
ultimately becomes negligibly small. 
Thanks to the ongoing progress in the 
miniaturisation of communications 
technology and the optimisation of 
solar-powered devices, tags are likely 
to become less and less invasive, thus 
shifting the balance more and more in 
favour of the benefi ts. 
It is already routine procedure to 
monitor wildlife via satellites, and 
affordable drones have in recent years 
also found an important role in ecology 
and conservation research (Curr. Biol. 
(2014) 24, R629–R632). The ICARUS 
(International Cooperation for Animal 
Research Using Space) project, a joint 
venture of the German and Russian 
space agencies, will soon add a 
signifi cant new tool to the tracking 
repertoire, namely the International 
Space Station, ISS. The use of the 
space station will enable researchers 
to track the moves of many thousands 
of small animals, such as migrating 
songbirds equipped with a miniaturised 
radio chip, simultaneously and on a 
large scale. 
Launched in 2012, the project is due 
to start recording data in the spring 
of 2016, when the communications 
unit arrives at the ISS. The space-
based tracking will address important 
questions on a global scale, including 
the distribution of zoonoses like avian 
infl uenza, responses of the biosphere 
to climate change, and early warning of 
natural disasters. It will, quite literally, 
take the monitoring and understanding 
of animal movements to a whole new 
level. 
Michael Gross is a science writer based at 
Oxford. He can be contacted via his web page 
at www.michaelgross.co.ukR588 Current Biology 25, R585–R599, July Nature’s nature 
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Every corner of the globe except 
Antarctica has its high-profi le invasive 
species from elsewhere — animals 
like the small Indian mongoose in 
the West Indies, the Burmese python 
in Florida, and the Argentine ant in 
Europe and North America; plants 
like Brazilian pepper in North America 
and Japanese knotweed in Europe; 
microbes like Dutch elm disease and 
West Nile virus in North America. In 
1958 English ecologist Charles Elton 
fi rst pointed out that these local and 
regional invasions are one of the great 
forces changing the biology of the earth 
today, along with climate change and 
land use modifi cation, in The Ecology 
of Invasions by Animals and Plants, 
and in the 1980s a project of the 
international Scientifi c Committee on 
Problems of the Environment helped 
spawn a burgeoning discipline of 
invasion biology. Invasion biologists 
sought to understand why some 
species became highly invasive while 
others were innocuous, why some 
regions seemed particularly prone to 
ecological disruption by non-native 
species, and how such information 
could aid prevention of invasions 
and management of invasive species 
so as to minimize their impact. New 
scientifi c journals such as Biological 
Invasions and Neobiota served as 
platforms for research on invasive 
species, and several dozen books have 
been published since the 1980s on the 
general phenomenon of invasion or the 
details of specifi c invasions.
During the early rise of invasion 
biology, a small number of critics 
lambasted the entire enterprise 
[1]. These were mostly social 
scientists — anthropologists, historians, 
philosophers, sociologists — and 
Book review20, 2015 ©2015 Elsevier Ltd All rights reservedthe chief complaint was that the fi eld 
was tainted with xenophobia: in this 
view, the non-native newcomers were 
despised simply because they were not 
native. This literature amounted to a 
social construction of the science, with 
little or no attention paid to the actual 
ecological or economic impacts of the 
non-native species. More recently, a 
small but vocal group of biologists have 
joined the fray, adding to the charge of 
xenophobia the claims that most non-
native species are relatively harmless 
and that, in the face of globalized trade 
and travel, we can’t do much about 
them anyway, so management efforts 
are largely wasted [2].
Fred Pearce’s The New Wild is the 
fi rst book advancing this argument for 
a lay audience. It is a shock, beginning 
with its title. Pearce, an environmental 
journalist, argues that, far from being the 
scourge depicted by both scientists and 
popular media, legendary invaders — 
salt cedar, the zebra mussel, Japanese 
knotweed, the Nile perch, the killer alga, 
kudzu, cheatgrass, Rhododendron 
ponticum, rinderpest — are not only not 
so bad but actually benefi t conservation. 
The standard story (Pearce calls it 
“orthodoxy”) is all wrong! Government 
programs to control invaders are 
misguided, as are WWF International, 
the IUCN, Birdlife International, and 
other conservation NGOs who militate 
against non-native species, and so is 
the Convention on Biological Diversity 
for targeting them. The heralded new 
European Union Regulation 1143/2014 
to ban the possession, transport, or sale 
of certain alien invasive species is “ill-
considered” (p. 119).
How were the public and its 
policymakers led so badly astray? 
Pearce places much of the blame 
on scientists, “Scientists, starting 
with Elton, should take considerable 
responsibility for building public 
sentiment against anything alien 
and for giving respectability to some 
unpleasantly xenophobic language on 
the issue from environmental groups, 
as well as ill-considered legislation,” (p. 
119). Conservationists are also in the 
dock, “Conservationists need to take 
a hard look at themselves and their 
priorities...they must put aside their old 
certainties and ditch their obsessions 
with lost causes, discredited theories, 
and mythical pristine ecosystems,” 
(p. 176). Ouch! 
